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Abstract -Experiments were conducted on a clay soil to assess the effects of green manuring of three annual legumes and nitrogen fertilization on sweet corn (Zea mays var. saccharata Sturt.), during three growing seasons (2001) (2002) (2003) . The green manuring legumes were field pea (Pisum sativum L.), common vetch (Vicia sativa L.) and faba bean (Vicia faba L.) N fertilization ranged from 0 to 360 kg ha -1
. On a three-year average, field pea (3 065 kg ha -1 ) and common vetch (2 647 kg ha -1
) consistently had higher aboveground dry matter yields than faba bean (1307 kg ha -1 ). Field pea and common vetch had N contents of 68.7 and 54.0 kg ha -1 , respectively, in aboveground dry matter in the spring. The average N content of faba bean was only 30.0 kg ha -1 . Green manuring treatments and N fertilization had different effects on yield components of sweet corn. Average ear yields of corn were significantly greater in plots receiving green manuring (15 127 kg ha -1 ) than those without green manuring (13 826 kg ha -1 ). The ear yields following green manuring legumes were 33-39% higher compared with fallow under unfertilized conditions. Ear yield of corn generally increased with an increasing rate of N fertilizer. Although the combined use of green manuring and 240 and 360 kg ha -1 N fertilization produced high ear yields, there were no statistically significant increases beyond 120 kg ha -1 N.
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INTRODUCTION
Forage legumes are widely used as green manure crops to improve soil fertility and to increase the yield of subsequent crops in rotations. They are an effective source of N and also enhance the cycling of phosphorus and other nutrients for subsequent crops (Kahnt, 1983 , Haynes et al., 1993 . In addition to the N added to the soil when legumes are turned under, green manures may increase organic matter, lower soil bulk density, increase soil microbiological biomass and increase infiltration of water (McGuire et al., 1998) . Increased availability and low cost have increased the use of N fertilizer and rapidly decreased the use of green manure legumes in cropping systems in past decades (Badaruddin and Meyer, 1990) . However, with renewed interest in legumes as green manures, the effects of green manures on the following crops have received more attention in different cropping systems.
Limited information is at present available on the effects of green manuring on the subsequent corn yield. Adams et al. (1970) found that corn yields after annual green manure crops were greater than continuous corn, even though as much as 180 kg ha -1 N had been applied to the soil. Mitchell and Teel (1977) found that no-tillage corn grown without N fertilizer following hairy vetch (Vicia villosa Roth.) and crimson clover mixtures yielded as high as corn growing with 112 kg ha -1 N. Similarly, the N supplied by a hairy vetch cover crop was sufficient to produce corn yields approximately equivalent to 170 kg ha -1 fertilizer N (Utomo et al., 1990) . Ebelhar et al. (1984) killed annual legume cover crops with herbicides. They found that hairy vetch supplied biologically fixed N equivalent to approximately 90 to 100 kg ha -1 fertilizer annually to the corn. Big flower vetch (Vicia grandifolia W. Koch.) and crimson clover provided much less N than hairy vetch in this study.
Sweet corn (Zea mays var. saccharata Sturt.) acreage has increased in the south Marmara region in recent years for the fresh market or freezing and canning purposes. The ears are generally harvested by hand in the field and then kernels are cut in the factories. The stover is ensiled alone or in mixtures with the other crops. Very limited data have been published in recent years specifically on the role of green manuring legume crops in sweet corn production. The mild and moist winter climate of the Bursa Province is very suitable for the production of winter annual legume cover crops for green manuring. In this study, three annual legume green manure crops, namely field pea, common vetch and faba bean were grown in the fall and winter growing periods and incorporated into the soil before planting sweet corn in late spring. The subsequent effects of these legumes on the yield and yield components of a sweet corn crop with the combination of four levels of N fertilization were investigated for three years in Bursa Province, with a Mediterranean-type climate.
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MATERIALS AND METHODS
The experiments were conducted during three consecutive growing years (2001) (2002) (2003) at the Uludag University Research Farm, near Bursa (40° 11' North, 29° 04' East), 70 m above sea level. The soil on the site is classified as Vertisol typic habloxrert. The soil was clay loam, slightly alkaline (pH = 7.3), rich in potassium (933 kg ha -1 ), medium in phosphorus (70 kg ha -1 ) and containing 2.0% organic matter (Tab. I). Long-term average total precipitation is 720 mm year -1 , the mean temperature for the whole year is 15 °C, and relative humidity is 68%. Precipitation during the experiment's growing period (MayAugust) for the long term in 2001, 2002 and 2003 was 125, 96, 157 , and 48 mm, respectively. The average temperature of the main growing months of the crop (June-August) varied from 23 to 28 °C during the experimental years (Tab. II).
The experimental plot design was a split plot with three replications. Three green manuring crops; field pea (Pisum sativum L.), common vetch (Vicia sativa L.) and faba bean (Vicia faba L.) and fallow (control) were the main plots and four different levels of nitrogen fertilization (0, 120, 240 and 360 kg ha -1 ) were sub-plot treatments. The precrop was sunflower (Helianthus annuus L.) in all experimental years. After harvesting the sunflower in September, the plots were ploughed and then harrowed. Before seeding, 30 kg ha -1 each of N and P were applied into the seedbed. Green manuring crops were seeded on 13 Nov. 2000 , 12 Dec. 2001 and 04 Nov. 2002 . Seeding rates were 120 kg ha -1 for common vetch (var. Emir), 150 kg ha -1 for pea (var. P98) and 300 kg ha -1 for faba bean (var. Common), at row spacings of 14 cm, 14 cm and 30 cm, respectively. Common vetch and field pea were seeded with a plot drill while faba bean was seeded by hand. Green manuring crops were ploughed down at the full flowering stage, usually in early April, at least 20 days before corn seeding in all experimental years. Before plowing, four replicated 1-m 2 areas of each green manuring crop were cut at the soil surface and then total aboveground dry matter yield was determined. The roots of those sampled areas were removed from the 0-30 cm soil depth, washed and weighed. Harvested herbages and roots were redistributed in the harvested area, with the exception of the small samples. Aboveground biomass and root samples were dried at 70 °C for 48 h to determine the dry matter yield of green manuring crops. Those samples were stored for N analysis.
Before corn seeding, 100 kg ha -1 each of P and K was incorporated into the disked and harrowed soil. . The corn crop was overseeded at a double rate and then thinned by hand after emergence to achieve the desired target plant density. Gesaprim 500 SC (Atrazine) was applied at a rate of 3.0 kg a.i. ha -1 just after seeding for weed control, and Karate EC 5 (Lambda-cyhalothrin) was sprayed at a rate of 300 cc a.i. ha Effect of green manuring on the yield of sweet corn 435 irrigation was done five times in all experimental years when necessary. Half of the nitrogen was applied before seeding, and the remaining nitrogen was topdressed when the plants attained 40 to 50 cm in height. Every year, the nitrogen concentration of herbage and root samples was determined in duplicate by the micro-Kjeldahl procedure for each green manuring crop.
Analysis of variance was performed on morphological measurements and yield data using the MINITAB (University of Texas at Austin) and MSTAT-C (Version 2.1 Michigan State University, 1991) programs. The significance of main effects was determined by the F test. Differences in treatment means were detected by the LSD test (0.05) for comparisons.
RESULT AND DISCUSSION
The aboveground and root dry matter yields, and N incorporated into the soil of green manuring legumes are shown in Table III . Both dry matter yields varied significantly among legumes in all experimental years. Aboveground dry matter yield by full flowering averaged 3065, 2647 and 1307 kg ha -1 for field pea, common vetch and faba bean, respectively. Despite poor establishment in the 2000-2001 season, probably due to poor seed quality, field pea tended to be superior due to its large dry matter production. Common vetch was the more productive green manure crop and its dry matter yields were more consistent than field pea and faba bean. The three-year average dry matter yields of field pea and common vetch were nearly identical and the difference was not statistically significant. In close agreement with our previous studies (Aydogdu and Acikgoz, 1995; Uzun and Acikgoz, 1998; Uzun et al., 2005) , common vetch and field pea seemed very promising for green manuring legumes under the humid and mild growing conditions of the winter and early spring in the region. Schoth and McKee (1966) also indicated that Vicia and Pisum species are widely grown in temperate areas of the world for green manure without interfering with the regular crop. Faba bean was the lowest dry-matter yielding legume in all experimental years due to inadequate growth and cold damage during winter and early springtime.
N content in aboveground and root dry matter of all legume species was high for all years, with a N concentration of 2.04 to 2.30% in aboveground and of 1.36 to 1.58% in root dry matter. N yields of aboveground dry matter were 68.7, 54.0 and 30.0 kg ha -1 for field pea, common vetch and faba bean, respectively. Although field pea returned slightly more dry matter to the soil than common vetch, its N contribution was significantly more than that of common vetch (68.7 vs. 54.0 kg ha -1 ). Faba bean was the poorest among the green manure crops used. Its green manure returned, on a three-year average, 30 kg ha -1 N to the soil in aboveground yield, which was 14 kg ha -1 lower than common vetch and 38.7 kg ha -1 lower than field pea.
Mean legume root dry matter yields were lowest in common vetch (138 kg ha -1 ) and the highest in faba bean (261 kg ha -1 ). On a three-year average, there was no significant difference between common vetch and field pea. N yields of the roots were also lower than those of the aboveground matter (Tab. III). As known, the roots of annual legumes, for example, pea roots, may extend to a depth of 1 m or more (Davies et al., 1985) . In our study, significant loss of root pieces and nodules may have occurred during sampling, and only a fraction of the root biomass was extracted. Moreover, roots and nodules were not sampled below the 30 cm depth. Therefore, the actual root dry matter yields of green manuring crops may be higher than our findings. However, despite all possible losses, it is clear that the root dry matter yield and N contribution of those legumes were much lower than that of aboveground matter. Very limited information is presently available on the root yield of annual legumes. In comparison with our studies, our root dry matter yields of pea were similar to previous reports (Biederbeck et al., 1993) . They showed that pea root yield in 30 cm soil depth varied . Our study showed that the average N contribution of aboveground matter was approximately 19 times higher than that of the roots (50.9 vs. 2.7 kg ha -1 ) in the annual green manuring crops used. Similarly, Mitchell and Teel (1977) indicated that the total N content of hairy vetch and crimson clover mixtures with oat (Avena sativa L.), rye (Secale cereale L.) or ryegrass (Lolium sp.) averaged 159.7 and 20.1 kg ha -1 in root and top growth, respectively, indicating about 90% of N yield derived from top growth.
There were no significant interactions between green manure treatments and N doses in most yield components; therefore, we were mainly interested in an average trend over time in the green manures and N pools. The data are presented as the means of three years in Table IV . Green manuring treatments and N fertilization had different effects on the plant characteristics measured. Both green manuring and N fertilization regimes had little effect on plant height, but ears were generally set higher above the ground in plots receiving green manuring and fertilized with N than fallow plots. Although some differences were statistically significant, ear length and diameter were not affected greatly by green manuring or N fertilization treatments. Green manure crops also had little, but a significant effect, on ear weight. There were small but significant increases in ear weight with increasing N fertilization. Green manuring and N fertilization regimes had little effect on rows per ear and seeds per row. N fertilization greatly affected seeds per ear. Seeds per ear was significantly higher in N fertilized plots than control plots. Number of ears per plant varied slightly among green manuring treatments, but it was not significantly different due to N fertilization.
In general, ear yields of corn were significantly greater in plots receiving green manuring than those without green manuring. Ear yield was 13 826 kg ha -1 in fallow plots, whereas following green manure legumes it averaged 15 127 kg ha -1 , regardless of N rates. Also, ear yields increased significantly when N fertilizers were applied in fallow treatments. The ear yield of fallow (10 206 kg ha -1 ) increased with increasing N doses and maximized at 360 kg ha -1 N treatment (15 808 kg ha -1 ). There was an increase of 37, 51 and 55% with 120, 240 and 360 kg ha -1 N treatments in fallow plots (Tab. V).
A significant green manuring treatment × N fertilization interaction was detected in ear yield at the 0.01 level. The ear yields following green manuring legumes were significantly higher than following fallow when unfertilized in all experimental years and combined years. According to the three-year average, ear yield was 14 213 kg ha -1 following green manuring with field pea, common vetch (13 633 kg ha -1 ) and faba bean (13 620 kg ha -1 ), which were significantly more than following fallow (10 206 kg ha -1 ). In other words, there were 39, 34 and 33% increases compared with fallow under unfertilized conditions. There was no statistically significant difference in ear yield between green manuring crops (Tab. V).
On a three-year average, green manuring treatments appeared to increase corn yield with N fertilizers. Field pea and common vetch green manuring crops showed significant ear yield advantages in N fertilization treatments, as found by Grewal et al. (1992) , who indicated that combined use of green manuring and N fertilization produced the highest corn yield. Significantly higher ear yields were obtained with 120 kg ha -1 N dose than unfertilized field pea and common vetch green manuring. Although the combined use of green manuring and 360 kg ha -1 N gave an ear yield of 16 583 kg ha -1 in field pea green manuring and an ear yield of 16 769 kg ha -1 with 240 kg ha -1 N in common vetch green manuring, there were no significant differences in ear yield between the 120 and 360 kg ha -1 N treatments (Tab. V).
Ear yield of unfertilized corn following the green legume treatments was similar to that following fallow corn fertilized with 120 kg ha -1 . Based on our data, the fertilizer N equivalent provided by green manuring crops to the corn was estimated by regression as 110 kg ha -1 for common vetch and faba bean and 144 kg ha -1 for field pea. These findings are in accordance with the results obtained by several researchers (Adams et al., 1970 , Ebelhar et al., 1984 , Mitchell and Teel, 1977 , Utomo et al., 1990 who found that corn yields after annual green manure crops were greater than corn even where as much as 90 to180 kg ha -1 N had been applied to the soil. Total N (aboveground and roots) incorporated into the soil from green manuring legumes varied from 34.1 kg ha -1 for faba bean to 70.7 kg ha -1 for field pea; whereas, yield increases were equivalent to 110 kg ha -1 for common vetch and faba bean and 144 kg ha -1 N for field pea. As indicated by Miller and Heitchel (1995) , N recovery following green manure crops may vary due to the amount of N fixed, mass of plant material incorporated, rate of decomposition and immobilization of legume N in the soil. In this study, we did not measure these amounts, only the total N content of the above-and belowground biomass. It is not possible to separate these N sources which may have contributed to these yield increases. However, it is clear that the green manuring legume crops fixed a considerable amount of N during development and increased mineralization of indigenous soil N for the following crops during plant development.
CONCLUSION
This study shows that annual legumes have a good potential as green manure crops in place of fallow in sweet corn production in a Mediterranean-type climate. Field pea and common vetch were the most suitable species for green manuring uses and resulted in high ear yields of corn with limited N fertilization. Our results also indicated that N fertilizer application to sweet corn can be reduced by 120 kg ha -1 N if it is preceded by green manuring of annual legumes. Common vetch 13633e 16418abc 16769a 16237abc
Faba bean 13620e 14618de 13940e 13931e * Means followed by the same letter are not significantly different at the 0.05 level using the LSD test in each year.
